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Abstract—Serum acid and alkaline DNase levels were determined in the serum of
224 breast cancer patients and 110 healthy individuals. Values above 400 U/ml serum
for the acid DNase and 200U/ml serum for the alkaline DNase were taken as
abnormal. Whereas a perceniage of breast cancer patients showed increased DNase
levels none of the healthy individuals reached an abnormal value. DNase levels were
correlated with the clinical status of the breast cancer patients. The percentage of
patients with elevated DNase levels was found to be increased with increasing clinical
stage. For the acid DNase it was found to be 4/63 (6%,), 2/11 (189,), 7/25 (28°,),
39/80 (49%) and 43/45 (96%,) for bemign tumors and stages I, I, III and
IV breast carcinomas, respectively, whereas for alkaline D Nase it was 2/63 (3,), 2/11
(189%,), 8/25 (32%,), 42/80 (52%,) and 42/45 (93Y,). All 20 of the clinical stage
Il patients examined 1 month after modified radical mastectomy, as well as
35 other breast cancer patients on adjuvant therapy, had a normal value of DNase
levels: With few exceptions i.e., rheumatic fever and polymyositis, no significant
increase in nuclease activity was found in the serum of patients with some other
conditions causing inflammatory responses and cell death. These preliminary findings
indicate that measurements of serum DNase could be used in diagnosis and in

monitoring the response to surgical treatment of breast cancer patients.

INTRODUCTION

INn THE last few years a large number of
biological cancer markers have been claimed
to be useful in diagnosis and monitoring the
response to therapy of cancer patients [1].
However, most of the well defined diagnostic
biological markers are related to rarer forms
of cancer [2]. The problem that exists in the
diagnosis of cancer is the following: as a
tumor grows it reaches a finite size when
there is probability of the occurrence of meta-
stases. However, by the time the tumor is
large enough for a diagnostic test to be posi-
tive the chances of metastases are much
greater: and by the time the patient ex-
periences symptoms, there is significant
chance that metastases have occurred.

If improved cure rates are a function of
treatment before the cancer is spread, then
successful diagnostic testing is essential before
clinical symptoms occur. Towards these ends
we have studied serum deoxyribonucleases in
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patients with a variety of cancer as an ad-
ditional biological cancer marker: our pre-
vious results have suggested that these en-
zymes are increased in the serum and tumor
biopsies of cancer patients [3, 4]. The objec-
tives of this study are: (1) to determine in
more detail the levels of serum DNases in
breast cancer patients and (2) to evaluate the
significance of the serum DNases in the con-
ventional therapy of these tumors.

MATERIALS AND METHODS
Patients

Blood samples were drawn from internal
female cancer patients and healthy blood do-
nors of the Greek Cancer Institute, Athens,
and the serum was kept at —20°C until it
was used, within a week. No significant de-
crease in DNase(s) levels of sera kept under
these conditions was observed. The extent of
disease was determined by physical exam-
ination, liver chemistries, chest and bone
roentgenograms, broncho- and mediastinos-
copy and nuclear scans of the liver and bone.
Roentgenograms, blood chemistries and nuc-
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lear scans were repeated at intervals during
therapy. The patients for the follow-up were
examined at 1-3 week intervals.

Enzyme assays

The deoxyribonuclease assay was performed
following the method developed by Kunitz
[5]. This is based upon the increased absor-
ption at 260nm observed during the de-
polymerization of DNA by DNase. The unit
was defined as that amount of enzyme which
caused an increase of absorbance at 260 nm of
1.0 per min at 25°C. A standard enzyme
preparation (Worthington standard deoxy-
ribonuclease 1) was run in parallel with the
unknown for standardization of DNA pre-
parations. Calf thymus DNA was used as
substrate and it was purchased from Sigma
Chemical Co.

The enzyme assay for the acid DNase in-
volved, in 1.0ml; 100ug DNA, 0.1 M sodium
acetate buffer pH 5.0, 0.000 M MgCl, and
25 ul serum. The assay for the alkaline DNase
involved, in 1.0ml; 100 ug DNA, 0.1 M Tris—
HC1 buffer pH 8.0 and 25 ul serum. In both
assays, the mixture was incubated at 25°C for
15 min and then 2ml of 1.5 M perchloric acid
was added at 4°C. After 10 min the mixture
was centrifuged at 3000 g for 10 min. The
supernatant was kept and its absorbance at
260nm was measured against a blank which
was made the same way as above except that
the serum was added after the addition of
perchloric acid.

RESULTS
Evidence for serum deoxyribonuclease activity

Deoxyribonuclease activities in the sera of
internal breast cancer patients of our Institute
and in healthy blood donors was first exam-
ined. Preliminary assays showed two peaks of
activity; one at pH 5.0 (acid deoxyribonuc-
lease) and a second at pH 8.0 (alkaline
deoxyribonuclease). Low levels of acid de-
oxyribonuclease (0-200U/ml serum) and al-
kaline deoxyribonuclease (0-100U/ml serum)
were found in 110 healthy blood donors.
However, in 62 of the first 100 breast cancer
patients examined serum acid and alkaline
deoxyribonucleases were found to be increased
(more than a 100%, increase) compared to the
control healthy blood donors.

Paper chromatography of the reaction mix-
ture of both acid and alkaline DNases showed
that small amounts of mononucleotides were
formed. Further confirmation of the endonuc-

leolytic degradation of the DNA substrate was
obtained by gel filtration of the reaction mix-
ture through Sephadex G-200 that excludes
polymers of mol. wt 2 x 10° or higher. Eighty
per cent of the DNA incubated with the acid
DNase and 609, of the DNA incubated with
the alkaline DNase was retarded on the col-
umn, indicating that hydrolysis did occur. Of
the hydrolysis products approximately 60%,
were only slightly retarded in both cases
indicating a mol. wt not much less than
2% 10°.

Relation of deoxyribonucleases to breast cancer

Our early breast cancer patients represent a
random sample of a variety of cancers treated
or not. Since some of our early breast cancer
patients had undergone surgery and they were
receiving chemotherapy or radiation a de-
tailed study was needed with patients without
any of the above treatments to examine whe-
ther DNAses could be used in the initial
diagnosis of cancer. we then examined the
acid and alkaline DNases in the serum of
patients prior to any treatment and the results
are shown in Figs. 1 and 2. As shown in the
figures, we have classified our patients into
two groups according to the histopathological
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Fig. 1. Serum acid DNase levels in 224 breast cancer palicnis
(63 with non-malignant and 161 with malignant tumors). Each
point represents the average of three determinations of the same
serum sample of an individual patient. Intra-assay variations
were at the level of 1-10%, of the average DNase level.
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Fig. 2. Serum alkaline D Nuse levels in the same breast cancer
patients as in Fig. 1.
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Table 1. Mean (£8.E.) serum acid and alkaline DNase in healthy blood donors and

breast cancer patients*

Healthy Breast
blood cancer
donors patients
(patient No.) Mean +S.E. (patient No.) Mean +S.E.
1 54+5 1 1832 +153
2 125+12 2 3456+ 317
Acid DNase 3 185410 3 1540 +137
(U/ml serum) 4 13242 4 853+ 78
5 170+153 5 2247 +215
1 98+5 1 1528 +82
2 74+4 2 13154123
Alkaline DNase 3 65+4 3 3540+ 347
(U/ml serum) 4 5242 4 2810+ 151
5 8548 5 752445
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*Eight determinations of each serum sample were performed.

findings of the tumor biopsies. The first group
involves patients with non-malignant (benign)
tumors and the second the breast carcinoma
patients. As seen in Fig. 1, only 4 out of 63
patients with non-malignant tumors had an
increased (more than 400U/ml) serum acid
DNase level. On the other hand 91 out of 161
patients with breast carcinomas had increased
acid DNase levels. In Fig. 2 are shown the
results for the serum alkaline DNase in the
same as above patients. Only 2 out of 63
patients with benign tumors had increased
alkaline DNase levels whereas 94 out of 161
with malignant tumors had increased (more
than 200 U/ml, and up to 4000 U/ml) serum
alkaline DNase levels.

The average age of the 110 healthy blood
donors was 34 (range of 20—45), of the 63
patients with non-malignant tumors was 41
(18-71) and of the 161 patients with breast
carcinomas was 43 (21-75) yr.

Intra-assay variations of the same serum
sample were determined in 30 healthy blood
donors and 40 breast cancer patients. The
results for 5 representative patients of each
group are shown in Table 1. Such variations
were found to be at the level of 1-109, of the
mean DNase level(s) in all serum samples of
the 70 individuals examined.

Interassay variations for 33 healthy blood
donors examined 30 days after the initial
examination were similar to the intra-assay
variations, that is at the level of 1-10%, of the
mean value of serum DNase level(s) for the
particular patient examined. However, inter-
assay variations for 110 breast cancer patients
examined 30 days after the initial examination
were in some cases up to 359, higher than the

initial value. This could be the result of
altered clinical status of the patients.

The distribution frequency by clinical stage
of serum deoxyribonucleases in breast cancer
patients was next examined. Clinical staging
by the TNM system was undertaken on the
above 161 breast carcinoma patients in whom
sufficient information was available. The stag-
ing was done according to U.I.C.C. rules.
The results are shown in Table 2. More than
400U/ml serum for the acid DNase and
200 U/ml serum for the alkaline DNase were
considered as abnormal values. As shown in
the table the percentage of patients with

Table 2. Distribution frequency by clinical stage of
serum deoxyribonucleases in breast cancer patients

Total No. Patients with increased
Clinical of DNase (%)
stage patients Acid* Alkalinet
Healthy
individuals 100 0) 0 (0)
Non-malignant
breast 63 4 (6) 2 (3)
tumors}
Malignant
breast
tumorsy
I 11 2 (18) 2 (18)
1T 25 7 (28) 8 (32)
II1 80 39 49) 42 (52)
v 45 43 (96) 42 (93)
Total 161 91 (57) 94 (58)

*More than 400 U/ml serum.

tMorc than 200 U/ml serum.

iThe classification of non-malignant and malignant
tumors was based upon the histopathological findings
of tumor biopsies.
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Table 3. Levels of deoxyribonucleases in relation to surgical treatment in breast
cancer patients before or afler operation™
Total No. Patients with increased
Days of DNase (%)

Before After patients Acid? Alkaline?
~10-0 80 39 (40) 42 (52)
0-10 2% 20 (76) 29 (84)

11-20 15 6 (40) 9 (60)

21-30 12 1 (8) 2 (16)

31 20 0 (0) 0 (0)

Adjuvant 35 0 (0) 0 (0)

*Only patients in clinical stage 11T were involved in these studies.

tMore than 400 U/ml serum.
IMore than 200 U/ml serum.

increased serum acid and alkaline DNase
levels increase with advancing stage of disease.
For the acid DNase it was found to be 6, 18,
28, 49 and 969, for benign breast tumors and
stages I, II, IIT and IV respectively, whereas
for alkaline DNase it was 3, 18, 32, 52 and
939,. None of the 110 normal individuals
examined reached an abnormal value of se-
rum acid or alkaline DNase. As a matter of
fact, in none of the above 110 patients serum
acid and alkaline DNase levels reached levels
higher than 200U/ml serum and 100U/ml
serum respectively.

The levels of deoxyribonucleases in relation
to surgical treatment in breast cancer patients
before or after operation was next examined.
The results are shown in Table 3. Only
patients in stage III were involved in these
studies. As it was also shown in Table 2, 80
patients were examined before surgical treat-
ment and 49Y, of these patients had increased
actd DNase and 599%, increased alkaline
DNase. Only 26 of these patients were sub-
jected to surgical removal of the tumor. One
to 10 days after the removal of the tumor 76
and 84Y, of the patients had increased acid
and alkaline DNase, respectively. Only some
of these patients were further examined for
serum DNase levels. Eleven to 20 days after
the operation 40 and 60Y%, of the patients had
increased DNases, whereas 21-30 days later
only 8 and 169, of them showed increased
levels. Thirty-one days after operation none of
the patients had increased DNase levels.
Finally, all 35 patients on adjuvant therapy
were found to have normal levels of serum
DNases. To monitor the response to surgical
treatment of breast cancer patients in more
detail the levels of DNase at various time
intervals were examined. Two typical exam-
ples are shown in Figs. 3 and 4. The patient
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Fig. 3. DMNase levels during surgical treatment of a stage 111
(73N, M,) breast carcinoma patient. Each point vepresents the
average of three determinations.
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Fig. 4. DNase levels during surgical treatment of a stage 111
(T N M,) breast carcinoma patient.

in Fig. 3, a 68-yr-old woman, with a stage [1I
tumor (T3N,,M_) was subjected to modified
radical mastectomy. As seen in the figure high
levels of both acid and alkaline DNases were
found before surgical treatment of the tumor.
Eight days after the operation the alkaline
DNase level increased whereas the acid
DNase remained constant. Within the next 3
weeks the levels of both DNases dropped to
normal values.
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The patient in Fig. 4, a 33-yr-old woman,
with a stage III tumor (T,N,,M,) was sub-
jected to modified radical mastectomy.
Whereas acid DNase levels reached high val-
ues before and 8 days after the operation,
alkaline DNase levels were only slightly in-
creased. Nineteen days after the operation
DNase levels had dropped to normal values.

DNase activity in the serum of non-cancer patients

The level of serum acid and alkaline DNase
activities was examined in patients with con-
ditions causing inflammatory responses and cell
death. The conditions examined and the
number of patients involved are as follows:
liver cirrhosis, 7; systematic lupus erythy-
matosus, 2; viral hepatitis, 5; myocardial in-
farction, 3; rheumatic fever, 12; polymyositis,
3; muscular dystrophy, 3; duodenal ulcer, 2;
various non-neoplastic blood diseases, i.e.,
sickle-cell anemia, 11. Only 9 patients with
rheumatic fever and all 3 with polymyositis
exhibited increased DNases in their serum
whereas all other patients had normal values.

DISCUSSION

The need for sensitive methods in detecting
the presence of a tumor, its growth and
metastases as well as an effective treatment is
well understood.

Over the past few years different individual
markers have been developed for the de-

tection and evaluation of tumor status in
cancer patients [6-8]. Of those biomarkers
available to date several appear to have pro-
mise while differences of opinion exist in
many others.

Because in all the work done so far no
single marker has been found to be elevated
in advanced breast cancer patients this study
was undertaken to that effect. Increased levels
of acid and alkaline DNases in the serum of
breast cancer patients were found. The in-
creased enzyme levels were correlated with
the clinical stage of patients. The results sug-
gested that serum DNases could be used not
only in the diagnosis but also in monitoring
the response to therapy of breast cancer
patients.

The DNase assay described above is simple,
inexpensive, accurate, not time consuming
and it could be used as a mass screening test
for cancer, since other diseases with increased
levels of DNase activity in the serum like
rheumatic fever or polymyositis could be ea-
sily diagnosed.

The increase of acid and alkaline DNases in
the serum of the above patients is not well
understood. Perhaps it is a metabolic end
product of tumor, a result of cell proliferation
or distribution or some other unknown me-
chanism. Based on the above results of this
preliminary investigation we can postulate
that the utilization of these markers can be of
significant clinical value. We are now study-
ing these DNases toward these ends.
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